Background: Frailty, a syndrome of physiological deficits, is prevalent among older adults and predicts elevated risk of adverse health outcomes. Although persistent pain predicts similar risk, it is seldom considered in frailty measurement. This article evaluated the construct and predictive validity of including persistent pain in phenotypic frailty measurement. Methods: Frailty and persistent pain were operationalized using data from the Health and Retirement Study (2006-2012 waves). Among a subset of adults aged 65 and older (n = 3,652), we used latent class analysis to categorize frailty status and to evaluate construct validity. Using Cox proportional hazards models, we compared time to incident adverse outcomes (death, fall, hospitalization, institutionalization, and functional disability) between frailty classes determined by either including or excluding persistent pain as a frailty component.
Population aging has led to increased focus on interventions to prevent or delay adverse health outcomes such as falls, hospitalizations, disabilities, and death. A key component of preventive interventions is identification of older adults at elevated risk of adverse outcomes to help target preventive services. Frailty, a condition theorized to result from deficits in multiple physiologic systems, has been widely used to predict vulnerability to adverse outcomes and is prevalent among individuals living in community and institutional settings (1, 2) . Because prediction of adverse outcomes is a key objective, it is important to consider additional factors that may improve prediction or frailty measurement. Persistent pain, for instance, is an independent risk factor for many adverse outcomes (3, 4) , occurs frequently with frailty criteria (5) , and represents an important indication of physiologic vulnerability. Therefore, the purpose of this study was to evaluate the degree to which expanding frailty to include persistent pain influences frailty categorization and prediction of adverse outcomes.
Among the most widely cited and validated measures of frailty is the phenotypic model, which characterizes frailty as a physiologic syndrome indicated by five standardized criteria: weakness, low energy expenditure, slowness, weight loss, and exhaustion (6) . This model has a number of advantages for research and clinical use that explain its appeal-first, it provides an expedient means of assessing vulnerability (6, 7) ; second, the model distinguishes frailty from related concepts such as disability, chronic disease, and comorbidity (8) ; third, the phenotypic model is understood in terms of interconnected physiological processes, providing a basis for exploring etiology and targeting intervention (6, 9) . Subsequent work has demonstrated the model's ability to predict functional disabilities, nursing home entry, and death (2, 7, 10, 11) . However, as some have noted (7) , expansion of the phenotypic frailty model may be justified if added components convey additional measurement or predictive value.
Epidemiologic and clinical studies suggest that persistent pain satisfies many conditions for consideration as an element of phenotypic frailty. First, persistent pain is readily assessable through self-report. Second, although persistent pain, such as frailty, is strongly related to age (5) , it is associated with greater incidence of death, disabilities, and other adverse outcomes independent of age, disability, or medical burden (3, 4) . Third, persistent pain development can be understood as both cause and consequence of other frailty elements. As reflected in the "pain homeostenosis" theory, multisystem dysregulation may lead to diminished ability to respond to and cope with stressors such as pain, leaving pain unresolved and persistent (12) . Frailty-related brain changes may alter older adults' experience of pain by impairing descending inhibition and pain modulation (12, 13) . In turn, persistent pain often results in impaired mobility, decreased nutritional intake, and social isolation, which may accelerate frailty development (13) .
Although research suggests a motivation for considering persistent pain a component of phenotypic frailty, it is unknown whether persistent pain is a valid or useful addition. The purpose of this study was to evaluate the construct and predictive validity of the phenotypic frailty model including persistent pain. This study tested two primary hypotheses: (i) that persistent pain co-occurs with other frailty criteria in a pattern consistent with syndromic aggregation and (ii) that incorporation of persistent pain in the phenotypic model improves discrimination of frailty levels and prediction of adverse health outcomes compared with traditional frailty criteria alone.
Methods

Sample
Study data come from the Health and Retirement Study (HRS), an ongoing longitudinal survey representative of adults aged 51 and older in the United States (14) . The primary HRS survey is administered biennially and includes variables related to demographic, social, economic, and health characteristics. Beginning in 2006, half of HRS respondents were randomly selected to participate in enhanced face-to-face interviews, including objective assessments of gait speed, grip strength, balance, and other indicators of physical functioning (15) .
This study used longitudinal data for respondents interviewed in the 2006 HRS wave and spanning three waves of follow-up time (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The 2006 baseline wave interviewed 18,469 respondents. Participants were excluded from analysis if they resided in a nursing home or were interviewed by proxy (n = 181) or had severe functional disabilities (defined in Measures section; n = 164). Among eligible participants, 4,506 respondents aged 65 or older were randomly selected for and consented to enhanced interviews. Analysis is restricted to the 3,652 independently living respondents aged 65 and older who completed or attempted physical performance measures.
Measures
Frailty
Phenotypic frailty was measured according to five conventional criteria (6)-weight loss, exhaustion, low energy expenditure, slowness, and weakness. Frailty criteria operationalization was consistent with prior research (Supplementary Table 1 ), including use of standardized gender, height, and body mass index (BMI) cutoffs determined by the original authors of the phenotypic frailty model using data from the Cardiovascular Health Study (6, 7) . Weight loss was defined as a loss of 10% or more in BMI since the previous wave or having BMI of 18.5 kg/m 2 or less. Exhaustion was defined as affirmative response to either of two items from the 8-item Centers for Epidemiologic Studies Depression (CESD) scale (16) . Low energy expenditure was defined as being in the lowest 20% of a summary physical activity frequency score. Gait speed (slow movement) was measured by timed completion of a 2.5-m course. Weakness was measured as hand grip strength below gender-and BMI-specific thresholds (6) . Participants who attempted but did not complete physical measures were considered to have the corresponding frailty criterion. Each frailty criterion was coded as binary (present = 1 or absent = 0) for analysis.
Persistent pain
Respondents were asked to report whether they were "often troubled by pain." Those answering affirmatively were asked to report the "degree of [this] pain most of the time" as mild, moderate, or severe. We considered respondents who reported moderate or severe pain most of the time to be experiencing "persistent pain." This operationalization was consistent with prior studies demonstrating links between persistent pain and adverse outcomes (3, 13) .
Outcome criteria
Frailty models were compared in relation to several outcome criteria: (i) fall, (ii) hospitalization, (iii) nursing home entry, (iv) severe disability in activities of daily living (ADL), (v) severe disability in instrumental activities of daily living (IADL), and (vi) death. Respondent death was ascertained by HRS personnel from the National Death Index (NDI). With the exception of mortality, outcome incidence was determined through self-report at each follow-up interview. Respondents reporting any new occurrence since the previous wave were considered to have experienced the outcome. Severe ADL and IADL disabilities were defined as difficulties in three or more corresponding activities (Supplementary Table 1 ).
Data Analysis
Construct validity
As in prior studies of phenotypic frailty (7, 17) , we used latent class analysis (LCA) to evaluate internal construct validity. The goal of LCA is to identify discrete subpopulations (classes) of individuals distinguished by similar criteria patterns (18) , assuming that criteria covariation is primarily explained by membership in a certain class. LCA provides three types of estimates to characterize classes: (i) the least number of classes adequately explaining item covariation, (ii) proportion of the sample belonging to each class, and (iii) probability of endorsing each criterion, given membership in a particular class (conditional probabilities). We evaluated two types of LCA models to address the primary hypothesis: models in which frailty was indicated by the five conventional criteria (6, 7) and models in which persistent pain was included as a potential criterion. LCA models were fit using Mplus statistical software (19) using maximum likelihood estimation with robust standard errors and multiple random starting values to ensure replication of maximum likelihood values. Models were fit alternatively as unweighted and as weighted according to HRS respondent-level sampling weights. Model fit and class numbers were compared using sample-size adjusted Bayesian information criterion (BIC) and Lo-Mendell-Rubin (LMR) tests. Model fit statistics of unweighted models were qualitatively equivalent to weighted models and thus are not reported. Because performance of model fit statistics may vary based on weighting and other model specifications (20) , selection of the number of model classes was additionally guided by consistency with prior research and substantive interpretability of class characteristics (20, 21) .
We used conditional probabilities of criteria endorsement to determine whether persistent pain could be considered a component of phenotypic frailty. As proposed by Bandeen-Roche and colleagues, we considered syndromic aggregation evident when criteria either have similar conditional probabilities within each class or progressively accumulate in a hierarchical manner (7) . Likewise, we expected persistent pain to aggregate with other frailty components in a similar manner.
Predictive validity
We used Cox proportional hazards models to evaluate the association between frailty class membership and incidence of adverse outcomes over 6 years. Frailty status was determined by most likely class membership in LCA models. For the outcome of mortality, we used continuous-time hazards models, calculating time to death (in days) from the beginning of a respondent's 2006 interview date to NDI date of death (rounded to last day of month). Respondents who remained alive in 2012 or until they were lost to follow-up were considered censored at the date of their most recent interview. For all other outcomes, we used discrete-time proportional hazards models to evaluate outcome risk, assessed at three discrete follow-up waves. All proportional hazards models were adjusted for age, race (ie, white, black, or other), years of education, gender, CESD total score, smoking status (ie, current vs. not current smoker), and number of chronic health problems (Supplementary Table 1) .
To account for missing data, we conducted a multiple imputation sensitivity analysis estimating latent class membership and mortality risk for all eligible participants (n = 4,506), imputing missing values for grip strength and walking speed tests. We used Mplus multiple imputation procedures (19) to produce 10 complete data sets, which were then combined, analyzed, and compared with analytic sample estimates.
Results
Baseline characteristics of the study sample are described in Table 1 . Overall, 23.1% of respondents reported persistent pain, and these respondents were more likely to be female, to report poor general health, to report at least some difficulty with ADL and IADL functioning, and to endorse greater depressive symptom levels. The prevalence of frailty criteria was similar to prior studies (7, 22) , ranging from 7% to 44.8%. Excepting the weight loss criterion, respondents with persistent pain were significantly more likely to endorse or exhibit each of the frailty criteria and to be considered frail according to having three or more criteria. 
Construct Validity
Results of LCA model fit are displayed in Supplementary Table 2. For five-criterion frailty models, BIC and LMR tests indicated better fit for two-class models. In six-criteria frailty models including persistent pain, BIC values suggested that the three-class model fits best and the LMR test suggested marginally better fit for the threeversus two-class model (p = .10). Given mixed fit statistic results for both sets of frailty criteria and to be consistent with categorization of frailty used in prior research, we considered both two-and threeclass models in subsequent analyses.
We evaluated within-class aggregation of frailty criteria using LCA conditional probability estimates (Table 2, (a) ). The five conventional frailty criteria showed progressively greater probability of occurrence across classes in both two-and three-class models, suggesting syndromic co-occurrence of criteria. Although conditional probabilities of the weight loss criterion increased across classes, weight loss showed weakest discrimination (ie, slightest difference between classes).
When adding persistent pain as a frailty criterion ( Table 2 , (b)), overall class proportions and conditional probabilities were similar to those estimated from five-criterion models; however, for threeclass models, fewer participants were classified as frail and intermediately frail (Table 3 ). As seen in Table 3 , participants who were considered intermediately frail or frail when excluding pain were more likely to be considered nonfrail or intermediately frail respectively in models that included persistent pain. Likewise, the added pain criterion led to increased probabilities of endorsing specific criteria, such as slowness or weakness, among those considered nonfrail. As hypothesized, persistent pain occurred with other criteria in a manner consistent with syndromic aggregation. That is, the probabilities of persistent pain increased in concert with other criteria across classes, from .13 to .43 in the two-class model and from .05 to .26 to .47 in the three-class model. Conditional probability and class proportion estimates from LCA using multiple imputation for eligible respondent frailty measures (n = 4,506) were similar to those using the analytic sample (Supplementary Tables 3 and 4) . As in the primary sample, fewer individuals were considered frail and intermediately frail when including persistent pain, although these differences were smaller using imputed data.
Predictive Validity
Hazard ratios (HRs) comparing risk of experiencing adverse outcomes by LCA classes are displayed in Table 4 . In two-class models, classes determined using five frailty criteria and classes determined using the additional persistent pain criterion produced comparable hazard estimates. That is, being a member of a "frail" class compared with a "nonfrail" class was associated with significantly greater hazard of death, nursing home entry, ADL limitations, and IADL limitations, to a similar degree for both frailty criteria sets. In particular, frail individuals had approximately double the risk of death over follow-up compared with nonfrail respondents for both five-and six-criteria classes (HR = 2.14, 95% confidence interval [CI] = 1.83-2.50 (Supplementary Figure 1a) and HR = 2.16, 95% CI = 1.85-2.53 (Supplementary Figure 1c) , respectively).
In three-class models determined by excluding the persistent pain criterion, being intermediately frail did not predict significantly greater risk of any of the six outcomes compared with nonfrail individuals (Table 4 , (a)). Respondents in the frail class had significantly higher risk of death, nursing home entry, and severe IADL and ADL disabilities than the nonfrail class (Table 4 , (a)). Conversely, for three-class models determined by including the persistent pain component, there was a graded increase in risk of all outcomes, comparing intermediately frail and frail respondents with nonfrail respondents (Table 4, (b) ). For instance, compared with nonfrail respondents, intermediately frail respondents had 74% greater hazard of death (HR = 1.74, 95% CI = 1.38-2.18) and frail respondents had almost four times greater hazard of death (HR = 3.87, 95% CI = 2.99-5.00) (Supplementary Figure 1d) .
Discussion
This study evaluated the construct and predictive validity of an expanded phenotypic frailty model incorporating persistent pain. Our primary findings indicate that persistent pain occurs in concert with traditional phenotypic frailty criteria, supporting its conceptual Note: a Probability of endorsing criteria in a given class.
b Estimated proportion of sample belonging to class.
relationship with other frailty criteria. Moreover, the inclusion of persistent pain as a sixth frailty criterion led to greater differentiation of frailty classes and potentially better prediction of incident adverse outcomes, although only when an intermediate frailty class was considered. Results suggest that persistent pain is a valid addition to the phenotypic frailty model and that persistent pain assessment may provide an expedient means of refining frailty measurement. Our findings provide empirical support for the hypothesis that persistent pain is an additional manifestation of physiological decline characteristic of frailty. As demonstrated by Bandeen-Roche and colleagues using LCA, traditional phenotypic frailty criteria tend to co-occur within classes of older adults, supporting conceptualization of frailty as a medical syndrome (7) . Using the same analytic approach, our findings extend previous work by demonstrating that persistent pain, too, aggregates with frailty deficits in a syndromic pattern. Indeed, prior studies support the view of persistent pain as both cause and consequence of other elements of phenotypic frailty. Shega and colleagues propose that multisystem dysregulation characteristic of frailty may simultaneously impact pain experience by decreasing ability to modulate pain responses through descending inhibition and coping (3, 13) . They argue that altered pain experience may explain differences in coping mechanisms and adverse consequences of pain among older compared with younger adults (3, 12, 13) .
Proportional hazards models further demonstrated that the addition of persistent pain may enhance predictive utility of frailty classification. When five traditional frailty criteria were used to determine frailty classes, we found no evidence of a class with intermediate risk, and frail-class membership did not predict significantly greater risk for falls or hospitalizations. In contrast, the addition of the persistent pain criterion allowed for differentiation of frailty into three severity classes-nonfrail, intermediately frail, and frail-with commensurately graded risk for all adverse outcomes. Greater class differentiation may be attributed, in part, to added complexity of six-criterion models, as the endorsement of any single criterion is less influential on frailty classification in models with more criteria. Indeed, the addition of persistent pain led to fewer participants being classified as frail or intermediately frail, and the probability of endorsing certain criteria increased among nonfrail participants. Nevertheless, participants who remained classified as frail or intermediately frail when adding persistent pain to the model had greater risk of adverse outcomes, suggesting that persistent pain captures some meaningful aspects of risk unexplained by other frailty indicators or covariates. Previous studies suggest that persistent pain and other frailty indicators may be signs of dysfunction in the hypothalamic-pituitary-adrenal axis and stress response (23, 24) , which are widely associated with poor mental and physical health outcomes (25) (26) (27) (28) . Alternatively, persistent pain may represent a critical level of dysregulation severity, leading to age-related changes in pain modulation and processing (3, 12, 28) . Meaningful differentiation of participants into predictive classes suggests the importance of considering persistent pain in frailty measurement.
Viewing persistent pain as part of phenotypic frailty measurement may also serve an important clinical function, orienting providers to an additional deficit and target for comprehensive intervention. Although persistent pain is independently associated with falls, decreased quality of life, sleep problems, increased health service use, and mood disorders (29, 30) , persistent pain is frequently inadequately treated among older adults (29) . Pain management strategies for older adults are more likely to be effective when accounting for frailty, for instance, by promoting physical activity, avoiding polypharmacy and high-risk medications, or employing multimodal approaches (31) . Similarly, untreated pain may diminish the effectiveness of traditional frailty interventions aimed at building strength or ensuring adequate nutrition (31) . Few interventions to address frailty have incorporated pain treatment as a central element or vice versa (31, 32) ; however, given the mutually reinforcing nature of these deficits, such programs are warranted.
This study has several strengths. First, frailty criteria operationalization and use of LCA were consistent with prior validation studies of phenotypic frailty, allowing cross-sample and cross-study comparisons. Second, the analytic sample comprised a large and nationally representative set of noninstitutionalized older adult respondents. Third, the longitudinal design of the HRS allowed comparison of adverse outcome risk between frailty classes over 6 years of follow-up.
This study also has notable limitations. First, although frailty criteria operationalization mirrored established standards, some modifications were necessary. For instance, we were unable to determine whether decreases in BMI were intentional, and therefore some weight loss may reflect purposeful change. Although this modification was necessary based on available data, it may explain why the weight loss criterion was poorest at discriminating between frailty classes, consistent with prior research (7, 17, 22) . Second, operationalization of persistent pain did not account for different etiologic mechanisms or localizations of pain, potentially confounding pain due to injury or surgery with pain due to systemic dysfunction or illness. Although this measure may have limited precision, similar operationalizations of persistent pain have demonstrated association with adverse outcome risk (3, 13) . Lastly, approximately 19% (n = 854) of eligible respondents did not report or attempt physical measures necessary to characterize frailty status. Many missing physical measurements were attributed to inadequate facilities or equipment (n = 154) or refusal (n = 223) and were unlikely to be related to physical health status. Furthermore, results from sensitivity analyses using multiple imputation of missing physical measures were consistent with those from the primary study.
To summarize, this study supports the hypothesis that persistent pain is a valid additional component of the phenotypic frailty model. The incorporation of persistent pain within phenotypic frailty is further justified by increased discrimination of frailty levels and prediction of adverse outcomes. The development of clinical measurement guidelines for an expanded frailty model remains for future research. Nonetheless, it is important for researchers and clinicians to consider the mutual processes underlying persistent pain and frailty deficits to improve prediction and to design effective management strategies.
